
Can we breed cattle with more efficient rumen microbiome? 

Leluo Guan1, Tim McAllister2, Ángela Cánovas3

1Faculty of Land and Food Systems, University of British Columbia, BC, Canada
2Lethbridge Research Center, AAFC, AB, Canada

3Centre for Genetic Improvement of Livestock, Department of Animal Biosciences, University 
of Guelph, ON, Canada

The 75th EAAP Annual Meeting, Florence, Italy
September 1, 2024



Bacteria (1010-1011 cells/ml): 
ferment fiber, starch, pectin, 
protein, and so on

Protozoa (104-106 
cells/ml): degrade 
fiber and protein

Archaea (methanogens) (107 
cells/ml): convert H2 and CO2 to CH4

Fungi (103-106 
cells/ml): digest plant 
fiber and starch

Feed

Rumen Microbiome

VFAs
Microbial proteins

Vitamins
CH4 

0.75-2.0 kg
  microbial cells
400-850 L gas
140-290 L CH4
260-560 L CO2

VFA 2.0-6.0 kg



Rumen microbiome and cattle performance

Feed efficiency

Methane emission

Cattle Health

Milk production

Meat quality

Growth and development



Genetic breeding of rumen/gut microbes?



Individualized rumen microbiota

Larger difference in rumen 
bacterial community 
across animals than 

among sampling locations
(Li et al., 2009)

Low similarity observed in 
the rumen bacterial 

communities across 16 
animals raised under 

similar housing conditions 
and diet 

(Jami and Mizrahi, 2012)

Both bacterial and 
archaeal communities 

differed across 750 
lactating Holstein cows 

(Difford et al., 2018)



R=0.8 (g/day)
R=0.65 (kg/DMI)

R=0.72 (g/day)
R=0.67 (kg/DMI)

Archaea:Bacteria ratio as selection criteria for CH4

2016



Individual variation in CH4 production was 
influenced by individual host (cow) genotype, as 
well as the host’s rumen microbiome composition.

The cumulative effect of all bacteria and archaea on 
CH4 production was 13%, the host genetics 
(heritability) was 21% and the two are largely 
independent.

2018



Host genetic effects on rumen microbiota/microbiome

• A small number of heritable core microbes explained 
experimental variables and host phylotypes to a higher 
extent compared to other rumen microbes, which may 
server as the target for improving feed efficiency and 
methane mitigation

CH4 emission
2019



Host genetic effects on rumen 
microbiota/microbiome in beef cattle

Feed efficiency



www.growsafe.com

RFI: actual feed intake - expected feed 
intake
Dry matter intake, average daily gain, 

metabolic weight, back fat

 Independent from body weight and growth

 Positive RFI (High RFI)  less efficient
    Negative RFI (Low RFI)  more efficient

(Basarab et al., 2011; Koch et al., 1963; Moore et al., 2009; Nkrumah et al., 2006)

Residual feed intake (RFI)



ANG (n = 203) CHAR (n = 114) HYB (n = 395)

Rumen sample (including rumen fluid and feed particles; n = 712) 

Total DNA isolation

16S rRNA gene Amplicon-seq; Illumina MiSeq PE300 (300 bp, paired-end) 

Program: QIIME
Databases: Greengenes & Rumen and Intestinal Methanogen databases (Seedorf et al., 2014)

QC: sample with < 500 bacterial sequences or < 100 archaeal sequences

Bacteria: genus - phylum levels
 Archaea: species - phylum levels

Cutoff: relative abundance > 0.5% in at least one of samples

Rumen microbial profiles



 Illumina BovineSNP50v2 BeadChip (n = 712)

Hardy-Weinberg equilibrium 
Minor allele frequency (MAF) > 5%
Genotyping call rate > 90%
 Imputing missing genotypes
Code genotypes: AA -> 1, Aa -> 0, aa -> -1

Genomic relationship matrix (G-matrix) was constructed to 
represent relationships among individuals.

Genotyping

Genome-wide association studies (GWAS)

Quality control and SNP coding

Relationship matrix construction 



• Some rumen microbial features were heritable; 
host genetic markers (SNPs) for heritable microbial 
phylotypes were identified

Host genetic effects on rumen microbiota/microbiome

 55 bacterial taxa and 3 archaeal 
taxa showed moderate heritability 
(≥ 0.15).

 21 members belonging to the 
phylum Firmicutes were heritable.

 Most members belonging to the 
phylum Bacteroidetes were not 
heritable.



Genes associated with rumen microbiota and RFI

KCNK gene

Potassium Two Pore Domain Channel 
Subfamily K Member 18

Potassium channels play a role in 
many cellular processes including 
maintenance of the action potential, 
muscle contraction, hormone 
secretion, osmotic regulation, and 
ion flow.

Transcripts found in RNA-seq of 
rumen epithelial tissues



Host genetic effects on rumen 
microbiota/microbiome in dairy cattle



Key findings

Microbial profiles were generated for 398 
mid lactation Holstein dairy cows from a 
commercial dairy farm

Thirty-two heritable and 674 
nonheritable bacterial taxa were 
identified at species level

Heritable bacteria have low abundnace

The mean microbiability (to reflect a 
single taxon’s contribution) of heritable 
bacteria was higher: 0.16% to 0.33% for 
the different milk traits, vs 0.03% to 
0.06% for nonheritable bacteria





Genotype-associated heritable rumen bacteria have varied 
propionate and valerate rumen concentrations

Pseudoscardovia



Genotype-associated heritable rumen bacteria can be a stable 
microbiota passed to the offspring

The mother-offspring comparison:  
• Heritable rumen bacteria had higher compositional similarity than nonheritable bacteria between two 

generations
• Predicted heritable microbial functions had higher stability than those from non-heritable bacteria. 
• A high stability exists in heritable rumen bacteria at both compositional and functional levels, which could 

be passed to the next generation in dairy cows. 



Innovative  breeding strategies 

Heritable and high feed efficiency/low CH4
associated rumen microbes

Nonheritable and high feed efficiency/low CH4
associated rumen microbes

Breeding potential

Feed management strategies

Microbiability trait: Phenotypic variance that is explained by the microbiota



• Find a way to measure the rumen microbiota as a quantifiable trait 
and to show causality with the phenotypes

• Validate over multiple generations to determine true heritability 

• Determine the interaction between genetics and diet (and other 
environmental factors) on heritable vs non-heritable rumen/gut 
microbes

• Characterize the interactions with the host, and the underlying host 
mechanisms regulating the microbiome

Future Directions for microbiome targeted breeding



Take home messages

More data and validation models are needed to 
determine causal effect of microbiome in cattle
 Research question driven data generation

Microbiome intervention can be an effective with novel 
technologies: endogenous microbiome and host genetics 
should be considered: 3R (right genetics for right 
microbiome intervention and right management)
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